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TECHNICAL  MFMOHANWJM 


CHAKACTBRISTICS  OF  SUBMARINE  CABLE.  TYPE  216 


by  G.  M.  Hens 


INTRODUCTION 


Because  information  on  'tiie  characteristics  of  submarine  cables 
Type  216>  was  not  readily  available » impedance  measwements  have  been 

made  and  characteristics  computed.  This  meinora»luin  has  been  prepared 

! 

for  future  reference  and  for  use  by  tliose  idio  have  expressed  interest 
in  the  results. 


THE  MEASUREMENTS 


Open  circuit  and  short  circuit  impedances  were  measured  at 
selected  frequencies  from  62.5  cps  to  20  kc.  A Z-angle  B)eten«7 

r'  

Technology  Instrument  Corporation,  Type  310~A,  was  used  to  find  the 
magnitude  and  angle  of  the  impedance.  The  cable  sample  was  a half- 
mile  (nautical)  reel  (3,035  feet),  procured  under  Navy  Contract  NObsr- 


52318  from  Anaconda  h'ire  & Cable  Congiany. 
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Suhnarinc  cable.  Type  216,  is  a sixteen-conductor  armored  cable 
wltb  four  conductors  inside  an  inner  shield  arranged  as  shown  in 
Fiarure  1,  Vith  the  cable  on  the  reel,  measurements  were  made  of 
adjacent  and  of  opposite  pairs,  both  inside  and  outside  the  inner 
shield.  Unused  pairs  were  open-circuited.  The  test  set-np  is  diown 
in  Figiire  2,  and  the  specific  pairs  used  are  stated  in  the  tabulation 


of  resnlts. 


TUlLCOiPUWTICWS 


Cable  characteristics  were  corapnted  usin?  the  follo%rtnp  relations. 

Measiiredx  ✓ 

open-circuited  Impedance  - |Z^j 

8l»rt-circuited  impedance  2^^  " |2^^| 


Z - (Z  • 2.  r • i 

o oc  sc  0*^0 

1 

R • characteristic  resistance,  X • diaracteristic  reactance 

o o 


X • 0.5  nautical  mile 
a *•  attenuation  constant 
p • wavelength  constant 


- a ♦ jp 


1,  Vo  L.  Everett,  *’Co'’inunication  on  Kiplneerine"  (McOraw  Kill,  2nd  Ed« 
1937)  p,  168. 
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Attenuation  constant:  in  db/nii,  a*  • 8.686  a 
Innedance  per  mile; 


Z « 2^  r • R + j2TOfL 

R « resistance  per  nautical  milCi  L ■ Inductance  per 
nautical  mile,  and  f ••  frcouency 
Admittance  oer  rallet 

I » Y • 0 + jZufC 
Z 

o 

G « conductance  per  nautical  mile, 

C • capacitance  per  nautical  mile. 

The  angle  of  tiie  admittance,  Y,  is  very  close  to  ninety  degrees 
at  all  frequencies  considered.  The  conductance,  0,  equal  to  the 
magnitude  of  Y tines  the  cosine  of  this  angle,  is  not  only  rery  small 
but  also  changes  rapidly  with  the  small  angle  changes  in  the  neighbor- 
hood of  ninety  degrees.  The  precision  of  measurement  is  not  sufficient 
to  determine  these  small  changes  accurately  and  vaJ.ues  of  0 were  not 
obtained.  Some  values  of  L,  vhlch  are  dependent  upon  the  sine  of  an 
angle  one  degree  or  less,  are  also  omitted. 
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RESULTS 


The  results  are  tabulated  on  the  following  page.  The 
characteristic  impedance  and  propagation  constants  are  shown 
in  graphical  form  also.  It  should  be  remembered  that  these  meas- 
urements refer  to  cable  on  a reel,  in  air,  with  ambient  tempera- 
tures fifty  degrees  F.,  to  seventy-five  degrees  F.,  and  near  sea 
level  atmospheric  pressure. 
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Opposite  Pair 
62.  S ii  S2S»X) 


125 

250 

500 

1 kc 
1.5  kc 

2 kc 
5 kc 
10  kc 
20  kc 


27000 

13700 

6800 

3600 

2420 

1870 

750 

370 

167 


Outside 

-90.0 

-90.0 

-90,0 

-89,9 

-89.9 

-89.9 

—88.2 

-90.0 

-90.0 

-90.0 


Sliicld  (Orange  and  Clear)  : 


13.8  2,0 

13.8  5.0 

13.8  10.0 
14.5  18.0 

16.7  31,0 

19.7  40c 0 
23, C 46.0 
42.0  60.0 

71.8  67.0 


612  591  I 
450  412  I 
334  280  I 
254  184  I 
214  120  i 


1 .0225 

.0233 

.195 

27.6 

! .0305 

.0333 

,265 

27,5 

1 .0462 

,0484 

.401 

29.0 

1 ,0343 

,0744 

.472 

27,5 

,0670 

.112 

.582 

27.7 

,0760 

.162 

,660 

30.0 

,0355 

,204 

.743 

35,  9 i 

,116 

,450 

1.01 

40.6| 

.148 

.811 

1.29 

! 59.81 

.198 

1,50 

1.72 

\ 

1 75.3i 

.0969 

,0942 

.0976 

.0934 

.0846 

.0869 

.0850 

.0834 

,0801 

,0771 


See  Figure  1 for  arrangeront  of  conductors. 

See  .‘Section  III  for  definition  of  s^^'ols  at  h;?ad  of  table. 
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arrangeme:nt  of  conductors 
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